Interaction energies of six trivalent cation impuritycation vacancy configurations in KCl have been evaluated and compared with experimental data.
Introduction
There have been extensive theoretical and experimental 1-8 studies on divalent cation (or anion) impurity-cation (or anion) vacancy pairs in alkali halides during the last few decades. The nature of the interaction of trivalent impurity cations, M 3+ , with cation vacancies in alkali halides is not understood and experimental studies on such systems are limited to a few recent reports on the conductivity, dielectric loss and optical spectra of M 3+ doped alkali halides 9_12 . Introduction of M 3+ impurity ions into the cation sublattice of KCl creates two cation vacancies for each M 3+ impurity ion introduced. These vacancies can form complexes with the impurity ion differing in their configuration as shown in Figure 1 . We have carried out calculations on the energies of association of such complexes in the KCl:Pr 3+ system in the light of the available * The value of the radius for the Pr 3+ ion (1.33 Ä) was derived from the crystallographic data of Zachariasen 16 so as to be in conformity with the ionic radii given by Tosi 17 for CI" (1.63 Ä) and K + (1.51 Ä).
experimental data employing the generalised formulation described elsewhere 2 ' 13 . It may be noted that theoretical evaluations of various defect parameters such as energies of formation, association and migration of defects in ionic solids employing the Born model of cohesion have met with considerable success 1-3 ' [13] [14] [15] and have led to a better understanding of experimental observations.
Results and Discussion
By employing ionic radii* of 1.33, 1.63 and 1.51 Ä for Pr 3 " 1 ", Cl~ and K + respectively, we have obtained defect parameters for the isolated cation vacancy and Pr 3+ impurity ion in the KCl lattice ( Table 1 ). The results of our calculations on the various Pr 3+ -cation vacancy associations (I -V complexes) in the KCl:Pr 3+ system are shown in Table 2 . The first of the I -V complexes (/ = 1), where the two cation vacancies are situated close to each other at a distance 1/2 r0 (r0 being the interionic distance), is not favoured from energy considerations since vacancies with equal effective charge repel each other. Our calculations show that this type of associated complex cannot exist since it is less stable than the respective isolated defects. In the other five complexes the two charge compensating vacancies are separated by distances of 2 r0 (/ = 2), V$r0 (/ = 3), V8r0 (; = 4), yTÜr0 (/ = 5) and 4r0 (7 = 6). On multiplying the calculated energy values for these associated states, Ej lY , with their respective Zi (total number of equivalent configurations), we obtain the net association energy (Ej iy ) for these complexes. If we do so, we find that the fifth associated state (7 = 5), in which one vacancy is at a nearest neighbour (nn) site and the other at a next-nearest-neighbour (nnn) site relative to the Pr 3+ ion, is the most favoured one. This is in conformity with the experimental observations of Radhakrishna et al. n . On the basis of our calculations, the order for the different as-Notizen 
